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ABSTRACT 
In this research work, aerospace grade aluminium alloy (Al 6082-T6) was analysed for the effect of 
cutting parameters on the fatigue life of the machined samples and optimization of cutting parameters 
for response factor. Different combinations of machining parameters were selected according to the 
ISO 3685 for sample preparation. Fatigue life of the samples was the response variable under 
investigation. Specimens for the rotating bending fatigue test were prepared according to the BS ISO 
1143:2010 standards. The cutting inserts were selected from Sandvik Coromant catalogue 
recommended for machining of Al 6082-T6 alloy. A Designed of Experiment (DoE) with full 
factorial design was employed and a total of 81 experiments were performed for combination of 
cutting parameters. Fatigue life of the samples was observed to decreases with increasing feed rate, 
which is attributed to the compressive residual stresses at the surface of the samples. However, fatigue 
life increased with higher cutting speed and Depth of Cut (DoC). 
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1 INTRODUCTION 
Machining is the principal manufacturing process in the world with some 10-15% of the value of all 
goods being attributed either directly or indirectly to machining (Wyatt et al. 2006). Aluminium based 
alloys are known for their poor fatigue performance. Fatigue damage occurred in three stages i.e. 
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crack initiation, crack propagation and finally fracture of component (Lee et al. 2005; Suraratchi et al. 
2008; Zhao et al. 2008). The surface and subsurface modifications affect the functional performance 
such as dimensional accuracy of the machined component (Jawahir et al. 2011). Machining played a 
significant role in producing the high surface integrity of the machined components. Surface integrity 
affected the crack initiation and propagation stage in the fatigue failure stages. Hence the functional 
performance of the machined components was improved by improving the surface integrity (Haron 
2001; Haron et al. 2005; Ezugwu et al. 2007; Ghanem et al. 2003; Ginting et al. 2009). Surface 
integrity indicated the surface characteristics such as residual stresses which depend on cutting 
parameters such as cutting speed, feed rate and depth of cut (Ataollah Javidi et al. 2008). Residual 
stresses have a significant impact on fatigue life whether it is compressive or tensile (Sharman et al. 
2001). Tensile residual stresses which are produced on the surface of the components after machining 
operation guide to early failure of components (Lin et al. 1991; Elkhabeery  et al. 1989; Huafuh et al. 
1995; Thiele et al. 2000). Furthermore, high surface quality enhanced and low surface quality 
decreased the fatigue life of the structures. (Toda et al. 2011). According to research the fatigue life 
was enhanced by introducing the compressive residual stresses on the surface of the machined 
component through machining parameters (EI-Axir 2002). The parameters such as cutting speed, feed 
rate and tool nose  radius had a large impact on surface quality (Dahlman et al 2004; Arola et al. 2002; 
Sasahara 2005). This research work focuses on the analysis of effect of turning parameters on the 
fatigue life of Al 6082 T6 alloy. Samples were machined using different combination of cutting speed, 
feed rate and depth of cut, including the manufacturer’s recommended machining values. Machined 
samples were then subjected to rotating bending fatigue test and statistical analysis performed for the 
effect of each parameter on the fatigue performance of the samples. 
2 MATERIAL AND EQUIPMENT  
Aluminium 6082-T6 alloy was used for fatigue testing in this research work. Specifications of the 
specimen were prepared by following the rotating bending fatigue test standard BS ISO 1143:2010. 
The equipment used for fatigue testing experimentation was pure rotating bending fatigue testing 
machine (Model PQ-6) as show in figure 1. The parallel specimen four points loading was selected 
from the standard. Dimensions of the specimen are shown in figure 2. 
 
                             
Figure 1: Rotating fatigue testing machine           Figure 2: Specimen for fatigue testing.                     
 
The inserts (VCGX 16 04 04-AL H10) were selected from the Sandvik Coromant Catalogue 2011 
which was recommended for the machining of Al 6082-T6. Each input factor has three levels 
according to the 3
3
 full factorial design of experiment.  
3 DESIGN OF EXPERIMENTS  
A total of 81 experiments were performed by using different machining conditions with replication of 
3. The selected cutting conditions were applied only to the final cut of the specimens. The values for 
the machining input parameters are shown in Table 1. 
 
Table 1: The values for the machining parameters 
S/NO Parameter Values 
1 Feed Rate (mm/rev) 0.15, 0.2, 0.25 
2 Cutting Speed(m/min) 1500, 2000, 2500 
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3 Depth of Cut (mm) 1.25, 1.5, 1.75 
The response factor selected for these experiments was fatigue life of the machined samples and 
full factorial experiments carried out and analysed. 
4 RESULTS AND DISCUSSION  
Figures 3 and 4 show the effect of machining conditions on the fatigue life. In Fig. 3, the value used 
for depth of cut (DOC) is 1.25mm for the machining of testing area of the fatigue testing specimen.  
 
 
Figure 3: Effect of machining conditions on fatigue life with DOC=1.25mm 
 
It is clear from the figure that fatigue life is more at low feed rate and medium (2000m/min) 
cutting speed shown by green line. The high fatigue life at the low feed rate could be due to the 
presence of compressive residual stresses produced at the surface of the machined component. These 
results resemblance the previous research where it was also found that low feed rate enhanced the 
fatigue life (Sasahara 2005). At the speed of 2500m/min, the fatigue life is more at the higher feed 
rate(1.75mm/rev) as compared to lower feed rate(1.25mm/rev) shown by blue line. At the cutting 
speed of 1500m/min, the fatigue life is lower at smaller feed rate (0.25mm/rev) as compared to higher 
feed rate (0.25mm/rev). So, the fatigue life in case of cutting speed 1500m/min is lower as compared 
to cutting speed 2500m/min shown in Fig. 3a. At the optimum cutting conditions values (i.e. Vc 
2000m/min & f=0.2mm/rev), fatigue life is more with optimum cutting speed and feed.  At the cutting 
speed of 1500m/min, fatigue life is reduced at lower feed rate (0.15mm/rev) as compared to higher 
feed rate (0.25mm/rev) shown by redline. During the machining of Al6082-T6 alloy, the surface of 
the machined specimen is improved by applying the higher cutting speed. In the case of cutting speed 
1500m/min, the surface quality of the machined component decreases. Such specimens show lower 
fatigue life as compared to the specimens machined at higher cutting speed. Similar results were also 
reported by Jeong-Du Kim and Youn-Hee Kang (Kim et al. 1997). At the cutting speed of 
2000m/min, fatigue life is more at lower feed rate (0.15mm/rev) as compared to higher (0.25mm/rev) 
feed rate. At cutting speed 2500m/min, fatigue life is more at higher (0.25mm/rev) feed rate as 
compared to lower (0.15) feed rate for depth of cut (DOC) 1.25mm. 
In Fig. 4a, the response of the fatigue life with DOC=1.5mm in the machining of fatigue testing 
specimen is shown. The value of depth of cut (DOC) 1.5mm is used for the final cut of the testing 
area of the specimens.  At the cutting speed 1500m/min, the fatigue life is greater at lower feed rate 
(0.15mm/rev) as compared to higher feed rate (0.25mm/rev) shown by the red line. At the cutting 
speed 2000m/min, the fatigue life is more at lower feed rate (0.15mm/rev) as compared to higher feed 
rate (0.25mm/rev). At the cutting speed 2500m/min, the fatigue life is more at the optimum value of 
feed rate (0.2mm/rev) as compared to lower and higher feed rate shown by blue line. In Fig. 3c, the 
response of fatigue life with the machining conditions is shown with DOC=1.75mm in the machining 
of fatigue testing specimen. At the cutting speed 1500m/min, the fatigue life is higher at lower feed 
rate (0.15mm/rev) as compared to higher feed rate (0.25mm/rev)  and there is gradual decrease in 
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fatigue life along the feed rate shown by the red line. At the cutting speed 2000m/min, the fatigue life 
is more at lower feed rate (0.15mm/rev) as compared to higher feed rate (0.25mm/rev) and there is 
gradual decrease in fatigue life shown by the green line. At the cutting speed 2500m/min, the fatigue 
life is less at the optimum value of feed rate (0.2mm/rev) as compared to lower and higher feed rate. 
 
 
                                             (a)                                                                        (b) 
Figure 4: Effect of machining conditions on fatigue life with (b) DOC 1.5mm (c) DOC 1.75mm 
 
As the depth of cut increases from 1.25mm to 1.75mm as shown in Fig.4c, the fatigue life also 
increases at the same lower feed rate 0.15mm/rev. Due to increases of depth of cut, the compressive 
residual stresses at the machined surface increases. So, the fatigue life is more in case of more depth 
of cut 1.75mm as compared to depth of cut 1.25mm. Surface roughness is also more in case of smaller 
depth of cut 1.25mm as compared to the more depth of cut 1.75mm. Fatigue life decreases as surface 
roughness increases. So, the longer fatigue life is obtained in case of higher depth of cut 1.75mm as 
compared to lower depth of cut 1.25mm as shown in the Fig. 3. 
 
5 CONCLUSIONS 
 Fatigue life decreases as feed rate increases. Fatigue life is more at low feed rate 
(0.15mm/rev) as compared to high feed rate (0.25mm/rev). 
 Fatigue life increases as depth of cut increases. Fatigue life is more at maximum depth of cut 
(1.75mm) as compared to minimum depth of cut (1.25mm). 
 Fatigue life is more with low feed rate, higher cutting speed and max depth of cut for the 
values of f=0.15mm/rev, Vc=2500m/min and ap=1.75mm. 
 There are number of the cutting conditions combinations obtained from the experimental 
results. According to the desirability of max fatigue life, optimized design variable are cutting 
feed = 0.15mm/rev, cutting speed = 2500m/min and depth of cut = 1.75mm.     
 
REFERENCES  
Ataollah Javidi, Ulfried Rieger & Wilfried Eichlseder, 2008, ‘The effect of machining on the surface 
integrity and fatigue life’, International Journal of Fatigue, vol. 30, pp. 2050-2055, 
Arola & Williams, 2002, ‘Estimating the fatigue stress concentration factor of machined surface’, 
International Journal Fatigue, vol. 24, pp. 923–930,  
Che-Haron & Jawaid , 2005, ‘The Effect of Machining on Surface Integrity of Titanium Alloy Ti–6% 
Al–4% V’, Journal of Materials Processing Technology, vol. 166, no.2, pp.188–192, 
Che-Haron, 2001, ‘Tool Life and Surface Integrity in Turning Titanium Alloy’, Journal of Materials 
Processing Technology, vol. 118, pp.231–237, 
Jamshaid, Jaffery, Ali, Khan, Alam and Ahmed 
 
Dahlman, Gunnberg  & Jacobson , 2004, ‘The influence of rake angle, cutting feed and cutting depth 
on residual stresses in hard turning’,  Material Process Technology, vol. 147, pp. 181–184, 
Ezugwu EO, Bonney , Da Silva  & Cakir , 2007, ‘ Surface Integrity of Finished Turned Ti–6Al–4V 
with PCD Tools Using Conventional and High Pressure Coolant Supplies’, International Journal 
of Machine Tools & Manufacture, vol.47, pp. 884–891, 
EI-Axir, 2002, ‘A method of modeling residual stress distribution in turning for different materials’, 
Machine Tool and Manufacture,vol. 42, pp.1055-1063, 
Elkhabeery & Fattoh, 1989, ‘Residual stress distribution caused by milling’, International Journal of 
Machine Tools Manufacturing, vol. 29, no. 3, pp. 391   
Ginting & Nouari, 2009, ‘Surface Integrity of Dry Machined Titanium Alloys’, International Journal 
of Machine Tools & Manufacture, vol. 49, pp. 325–332, 
Ghanem , Braha  & Sidhom , 2003, ‘Influence of Steel Type on Electrical Discharge Machined 
Surface Integrity’, Journal of Materials Processing Technology, vol. 142, pp.163–173, 
Hiroyuki Toda, Shotaro Masuda, Rafael Batres, Masakazu Kobayashi, Shunzo Aoyama, Masato 
Onodera, Ryosuke Furusawa, Kentaro Uesugi, Akihisa Takeuchi & Yoshio Suzuki, 2011, 
‘Statistical assessment of fatigue crack initiationfrom sub-surface hydrogen micro pores in high-
quality die-cast aluminum’, Acta Material, vol. 59, pp. 4990-4998 
Hiroyuki Sasahara, 2005, ‘The effect on fatigue life of residual stress and surface hardness resulting 
from different cutting conditions of 0.45%C steel’, Machine Tools and Manufacturing, vol. 45, 
pp. 131-136, 
Huafuh & Chih-Fu, 1995, ‘A residual-stress model for the milling of aluminum alloy (2014-T6)’, 
Journal of Material Processing Technology, vol. 51, pp. 87, 
Jawahir, Brinksmeier, Saoubi, Aspinwall, Outeiro, Umbrello   & Jayal, 2011, ‘Surface Integrity in 
material removal processes: Recent Advances’, Manufacturing Technology, vol. 60, pp. 603-626, 
Jeong-du kim &Youn-hee kang, 1997, ‘High speed machining of aluminum using diamond end 
mills’, International Journal of Machine Tool Manufacturing, vol. 37, no. 37, pp. 1155-1165. 
Lin, Y-Y. Lin & Liu, 1991, ‘Effect of thermal load and mechanical load on the residual stress of a 
machined work piece’, International Journal of Mechanical Science, vol. 33, no.4, pp. 263–278, 
Suraratchi, limido, Marbu & Chieraga Hi, 2008, ‘Modeling the influence of machined surface 
roughness on the fatigue life of aluminum alloy’, International Journal of Fatigue, vol. 30, pp. 
2119-2126, 
Sasahara, 2005,  ‘The effect on fatigue life of residual stress and surface hardness resulting from 
different cutting conditions of 0.45%C steel’,  Machine Tool Manufacturing, vol. 45, pp. 131–
136, 
Sharman, Aspinwall, Dewes, Clifton & Bowen,2001,’ The effects of machined work piece surface 
integrity  on the fatigue life of titanium aluminide’, Machine Tools Manufacturing, vol. 41, no. 
11, pp. 1681–1685,  
Tianwen Zhao & Yanyao Jiang, 2008, ‘Fatigue of 7075-T651 aluminum alloy’ International Journal 
of Fatigue, vol. 30, pp. 834-849, 
Thiele, Melkote,  Peascoe & Watkins, 2000, ‘Effect of cutting-edge geometry and workpiece hardness 
on surface residual stresses in finish hard turning of AISI 0 steel’, Journal of  Manufacturing 
Science and Engineering, vol.122,  pp. 642, 
Wyatt & Berry, 2006, ‘A new Technique for the determination of superficial residual stresses 
associated with machining and other manufacturing processes’, Materials Processing Technology, 
vol. 171, pp. 132-140, 
Yung-Li Lee, Jwo Pan, Richard Hathway & Mark Barkey, 2005, Fatigue Testing and Analysis, 
Elsevier Butterworth-Heinemann, USA.  
Jamshaid, Jaffery, Ali, Khan, Alam and Ahmed 
 
 
